Conclusion: Lower early postoperative serum albumin levels are a potentially valuable indicator of anastomotic leakage in CRC patients undergoing curative surgery.
Introduction
Anastomotic leakage is a major complication after the curative resection of colorectal cancer (CRC) because it threatens patients' quality of life, increases the risk of local recurrence, and worsens cancer prognosis.
1e3 Several surgical procedures have been attempted to prevent anastomotic leakage; however, it can occur to a certain degree among those undergoing curative colorectal surgery. Indeed, recent reports demonstrated that the frequency of anastomotic leakage was between 3.6% and 15% after elective colorectal surgery. 4e6 In addition, anastomotic leakage rates are approximately the same between open and laparoscopic surgeries. 7 Therefore, it is important not only to evaluate the risk of anastomotic leakage, but also to diagnose anastomotic leakage early to prevent the patient's condition from worsening.
Although there is no precise consensus, a number of risk factors for anastomotic leakage after colorectal surgery have been proposed. For example, well-known risk factors are male sex, malnutrition, neoadjuvant therapy, rectal localization of tumor, length of surgery, and intraoperative blood transfusion. 5,8e11 Preoperative hypoalbuminemia, a well-known indicator for malnutrition, is one of the most prevalent risk factors associated with postoperative complications in colorectal surgery, including anastomotic leakage. 12e14 Although the serum albumin level often decreases after moderate to major gastrointestinal surgery because of increased vascular permeability, third space albumin loss with surgical stress, and perioperative fluid overload, 15e18 the association between perioperative serum albumin levels and anastomotic leakage has not been fully evaluated in CRC patients. In this study, we aimed to evaluate whether perioperative serum albumin levels can be monitoring markers for early diagnosis of anastomotic leakage in order to introduce an adequate procedure that can be useful to ameliorate the development of this troublesome complication after CRC surgery.
Methods

Patients
A total of 200 patients who underwent potentially curative laparoscopic surgery for CRC (Stage IeIII) at the Department of Gastrointestinal and Pediatric Surgery of Mie University Graduate School of Medicine, Mie, Japan from January 2004 to December 2013 were included in this retrospective study. Staging was principally based on the Union for International Cancer Control (UICC) TNM classification of CRC. Curative resection was defined as the absence of any residual tumor from the surgical bed and a surgical resection margin that was pathologically negative for tumor invasion. No patient received chemotherapy or radiotherapy before curative surgery and no perioperative mortality was observed.
We usually performed colorectal contrast enema with water soluble gastrointestinal contrast medium (amidotrizoic acid), on postoperative day (POD) 3 in the case of colon cancer, and on POD6 in the case of rectal cancer. In this study, we diagnosed postoperative anastomotic leakage with this colorectal contrast enema.
One patient was excluded in this study because abdominal perineal resection with no anastomosis was performed. In addition, three patients who received hemodialysis were excluded from the analysis because their perioperative factors (e.g., perioperative fluid and albumin administration, urine output, etc.) were different from those of the patients who were not receiving hemodialysis.
The association between postoperative anastomotic leakage and clinicopathological factors, surgical factors, alteration of perioperative serum albumin levels, alteration of perioperative serum inflammation markers [white blood cells (WBC) and C-reactive protein (CRP) levels], perioperative in-out balance, and the amount of perioperative albumin administration was analyzed in 196 patients.
In addition, we performed univariate and multivariate analyses for detecting the demographic, tumor specific, surgical, and blood laboratory factors affecting anastomotic leakage. In regard to postoperative serum albumin and serum inflammatory markers (WBC and CRP), we selected the average of each serum levels on POD1 and POD3 as a candidate predictor because we wanted to identify monitoring markers to diagnose anastomotic leakage earlier during the postoperative period. The cut off value of the average serum albumin on POD1 and POD3 was defined using Receiver Operating Characteristic (ROC) analysis for anastomotic leakage. The cut off values of the average serum WBC and CRP on POD1 and POD3 were, respectively, were defined according to the median serum levels in our study cohort.
Moreover, we analyzed the correlation between the average amount of drained pelvic fluid per day (mL/d) and the occurrence of anastomotic leakage and early postoperative serum albumin levels in 20 rectal cancer patients who underwent pelvic drain insertion at the end of surgery. (In our institution, no drains are inserted for colon cancer patients or rectosigmoid cancer patients.)
Peripheral blood samples were collected from patients at the perioperative period. Written informed consent was obtained from all participants according to the local ethics guidelines and all participants stated their willingness to donate blood for research. Blood collection and subsequent analyses were approved by the Institutional Review Boards of Mie University Hospital (protocol number, 2216).
Statistical analysis
The data are presented as median (range). Correlations were evaluated using the ManneWhitney U test or Fisher's exact test. Univariate and multivariate analyses were performed using logistic regression analysis to determine the factors affecting anastomotic leakage. Parameters with p < 0.05 in the univariate analysis were used for the multivariate analysis. All statistical analyses were carried out using JMP version 10 (SAS Institute, Cary, NC, USA). Operation time ranged from 101 minutes to 561 minutes (median, 220 minutes), and operative blood loss was ranged from 0 mL to 640 mL (median, 30 mL). Although the amount of operative blood loss in AL was not larger than that in NAL (p Z 0.863), the operation time in AL was significantly longer than that in NAL (p Z 0.029; Table 2 ).
Neither the amount of perioperative fluid administration nor the amount of perioperative urine output was statistically different between AL and NAL ( Table 2) .
Three patients received red cell concentrate blood transfusions intraoperatively because of preoperative anemia; while no patient was administered albumin intraoperatively (data not shown).
Three patients (1.5%) were converted to open surgery. Two cases were converted because of difficulty in rectal mobilization due to tumor progression, and the other was converted because of dense adhesion after gynecologic surgery (data not shown).
Postoperative hypoalbuminemia was correlated with anastomotic leakage
Preoperative serum albumin levels in AL were not lower than that in NAL (p Z 0.474). In the meanwhile, postoperative serum albumin levels in AL were significantly lower than that in NAL on POD0 (p Z 0.0004), POD1 (p Z 0.0001), POD3 (p Z 0.0004), and POD7 (p Z 0.0021; Figure 1A ). Average of serum albumin levels on POD1 and POD3 in AL were significantly lower than that in NAL (p < 0.0001; Table 2 ).
The association between perioperative serum inflammatory markers and anastomotic leakage
Serum WBC levels in AL were significantly higher than that in NAL on POD3 (p Z 0.013). In the meanwhile, serum WBC levels between AL and NAL did not show statistical difference in the preoperative period (p Z 0.403), POD1 (p Z 0.066), and POD7 (p Z 0.216) ( Figure 1B ). The averages of serum WBC levels on POD1 and POD33 in AL were significantly higher than that in NAL (p Z 0.012; Table 2 ).
Serum CRP levels in AL were significantly higher than in NAL on POD3 (p Z 0.019), and POD7 (p Z 0.0027). In the meanwhile, serum CRP levels between AL and NAL did not show statistical differences in the preoperative period (p Z 0.547) and POD1 (p Z 0.447; Figure 1C ). The averages of serum CRP levels on POD1 and POD3 in AL were significantly higher than that in NAL (p Z 0.043; Table 2 ).
Early postoperative hypoalbuminemia is an independent predictor for anastomotic leakage
We identified the predictors for anastomotic leakage using logistic regression analysis. In regard to early postoperative serum candidate predictors, the cut off value of the average serum albumin on POD1 and POD3 was defined as 3.2 g/dL using ROC analysis for anastomotic leakage (sensitivity was 1.00 and specificity was 0.64), and the cut off values of the average serum WBC and CRP on POD1 and POD3 were 7750/uL and 6.88 mg/dL, respectively, according to the median level in our study cohort. Univariate analysis showed that lower average levels of serum albumin on POD1 and POD3 (p Z 0.0006), higher average levels of serum WBC and CRP on POD1 and POD3 (WBC, p Z 0.0227; CRP, p Z 0.0227), and surgery for rectal cancer (p Z 0.0034) were significant predictors affecting anastomotic leakage. Multivariate analysis using these four predictors revealed that lower average levels of serum albumin on POD1 and POD3 (OR Z 7.53, 95% CI Z 1.60e55.80; p Z 0.0095), higher average levels of serum WBC on POD1 and POD3 (HR Z 7.24, 95% CI Z 1.40e59.25; p Z 0.0165), and surgery for rectal cancer (HR Z 15.18, 95% CI Z 3.26e93.99; p Z 0.0004) were identified as independent risk factors for anastomotic leakage for CRC patients with curative laparoscopic surgery (Table 3) .
Patient characteristics, association between anastomotic leakage and each variable in rectal cancer patients
In addition, we performed subgroup analysis in 61 rectal cancer patients (including rectosigmoid cancer patients) because the frequency of anastomotic leakage was higher than that of colon cancer patients in our study. The study subgroup comprised 29 males and 32 females aged from 37 years to 89 years (median, 68 years). Of the 61 registered patients, four (6.6%) had Stage 0 disease, 20 (32.8%) had Stage I, 19 (31.1%) had Stage II, and 18 (29.5%) had Stage III. Anastomotic leakage occurred in eight patients (13.1%).
In regard to demographic and tumor specific factors, gender, age, tumor size, location of tumor, T stage, existence of lymph node metastasis, and UICC TNM stage were not statistically different between AL and NAL (Table 4) .
Operation time ranged from 151 minutes to 561minutes (median, 246 minutes), and operative blood loss ranged from 0 mL to 640 mL (median, 25 mL). Although the amount of operative blood loss between AL and NAL did not show statistical difference (p Z 0.347), the operation time in AL was significantly longer than that in NAL (p Z 0.0089; Table 4 ).
We investigated the location of anastomosis (distance from anal verge) using postoperative contrast colorectal enema, and we revealed that location of anastomosis in AL was more shorter from anal verge than that of NAL (p Z 0.041). In regard to the other surgical factors, the type of surgery and the number of linear staplers for rectal resection were not statistically different between AL and NAL (Table 4) .
In regard to early postoperative serum markers, the average serum albumin levels on POD1 and POD3 in AL were significantly lower than that in NAL (p Z 0.0005). Both of the average serum WBC and CRP levels on POD1 and POD3 in AL were also significantly higher than that in NAL (p Z 0.0044 and p Z 0.0018, respectively; Table 4 ).
3.6. Early postoperative hypoalbuminemia tended to be a significant predictor for anastomotic leakage in rectal cancer patients
We identified the predictors for anastomotic leakage using logistic regression analysis in 61 rectal cancer patients. In regard to early postoperative serum candidate predictors, the cut off value of the average serum albumin on POD1 and POD3 was defined as 3.1 g/dL using ROC analysis for anastomotic leakage (sensitivity was 0.88 and specificity was 0.78), and the cut off value of the average serum WBC and CRP on POD1 and POD3 was 7337/uL and 5.63mg/dL, respectively according to the median level in our subgroup study cohort.
Univariate analysis showed that lower average levels of serum albumin on POD1 and POD3 (p Z 0.0074) and higher average levels of serum WBC and CRP on POD1 and POD3 (WBC; p Z 0.0159, CRP; p Z 0.0159) were also significant predictors affecting anastomotic leakage. Multivariate analysis using these three predictors revealed that lower average levels of serum albumin on POD1 and POD3 (HR Z 4.49, 95% CI Z 0.77e29.58; p Z 0.0955) and higher average levels of serum WBC on POD1 and POD3 (HR Z 5.62, 95% CI Z 0.76e115.34; p Z 0.0952) tended to be a significant predictor for anastomotic leakage for rectal cancer patients with curative laparoscopic surgery (Table 5 ).
Larger amount of drainage fluid was associated with anastomotic leakage and early postoperative hypoalbuminemia in rectal cancer patients
We investigated the association of the amount of drainage fluid in rectal cancer patients treated by laparoscopic low anterior resection (data were available in 20 cases out of a The average amount of drainage fluid in the group of early postoperative hypoalbuminemia (average serum albumin levels on POD1 and POD3 were lower than 3.2 mg/dL, n Z 8; median, 80 mL/d, range, 35e222.5 mL/d) tended to be larger than that in the group of non-early postoperative hypoalbuminemia (n Z 11; median, 42.8 mL/d; range, 0e100 mL/d; p Z 0.069; 1 patient in NAL was excluded because blood samples were not taken on POD3). total of 32 patients treated by low anterior resection). The average amount of drainage fluid (mL/d) in AL (n Z 3) tended to be larger than that in NAL (n Z 17; p Z 0.057; Figure 2A ).
In addition, the average amount of drainage fluid in the group of early postoperative hypoalbuminemia (average serum albumin levels on POD1 and POD3 were lower than 3.2 mg/dL, n Z 8) tended to be larger than that in the group of non-early postoperative hypoalbuminemia (n Z 11; p Z 0.069; 1 patient in NAL was excluded because blood samples were not taken on POD3; Figure 2B ).
Discussion
In this study, we first found out that CRC patients complicated with anastomotic leakage (AL) presented significantly decreased early postoperative serum albumin levels compared with those without anastomotic leakage (NAL) after curative laparoscopic surgery. Moreover, multivariate analysis revealed that early postoperative hypoalbuminemia was an independent risk factor of anastomotic leakage in 196 CRC patients. In the meanwhile, multivariate analysis revealed that early postoperative hypoalbuminemia tended to be a significant indicator of anastomotic leakage in 61 rectal cancer patients. Collectively, early postoperative hypoalbuminemia might be a useful indicator for anastomotic leakage as well as serum inflammatory markers (WBC and CRP) in patients with CRC.
Malnutrition commonly encountered in patients with different types of cancer is a crucial problem that affects postoperative outcome. 19 Thus, several researches have focused on determining the best methods to assess malnutrition in patients with CRC. 20 Serum albumin is considered the most important parameter in correlation with the degree of malnutrition that can contribute to the development of postoperative complications.
21e23 Likewise, preoperative hypoalbuminemia in CRC patients is an important risk factor for postoperative outcome. 12e14 In their large retrospective study, Lai et al 13 demonstrated that patients with preoperative hypoalbuminemia had a higher rate of postoperative complications, including anastomotic leakage.
However, in our study, preoperative serum albumin levels between AL and NAL were not statistically different (although serum levels in AL were slightly lower than that in NAL, p Z 0.474). A possible explanation for this finding may be that our cohort was not afflicted with advanced CRC with distant metastasis or cancer cachexia, which result in hypoalbuminemia. The majority of our patients had tumors at earlier stages (over 70% of patients in this cohort were node negative).
Serum albumin levels often decrease after moderate to major gastrointestinal surgery because of increased vascular permeability, third space albumin loss with surgical stress, weakened liver ability to synthesize albumin, direct albumin loss due to intraoperative blood loss, and dilution of serum albumin due to perioperative fluid overload.
15e18 It is well known that perioperative volume overload increases surgical morbidity in colorectal surgery, 24 but the effect of postoperative hypoalbuminemia on postoperative complications in CRC patients, in particular, anastomotic leakage, has not been reported previously. Our current study demonstrated that early postoperative hypoalbuminemia (in particular the average level for POD1 and POD3) was a useful predictor of anastomotic leakage in CRC patients with curative intent. Collectively, measuring albumin levels early during the postoperative period can help to determine whether it is adequate to introduce intensive antiseptic therapy for the prevention of severe sepsis secondary to anastomotic leakage.
However, why were the postoperative serum albumin levels significantly lower in AL than in NAL? In this study, intraoperative blood loss, intraoperative fluid overload, and lower perioperative urine output did not affect postoperative hypoalbuminemia. It has been reported that the distribution of albumin from intravascular to extravascular space is remarkably increased during stress, such as in severe sepsis. 25, 26 In other words, inflammation secondary to leaked digestive fluid might accelerate extravascular albumin permeability into the nearby leakage site in the abdominal cavity.
Accumulating evidence is consistent with our results, which indicate that increased pelvic fluid drainage in rectal cancer patients was associated with anastomotic leakage and early postoperative hypoalbuminemia. This hypothesis should be proved, for example, by measuring albumin levels on pelvic drainage fluid from now on.
Our study has some limitations. Because the number of patients were small in the subgroup of rectal cancer patients, well-known risk factors for anastomotic leakage such as male sex, length of surgery, and rectal localization of tumor (which were mentioned in the introduction section) were not identified as significant indicators in univariate analysis for anastomotic leakage. Therefore, we need to conduct further study using a larger number of patients with rectal cancer.
In conclusion, although our retrospective study has the limitations mentioned before, our findings showed that early postoperative hypoalbuminemia among CRC patients treated with curative surgery might be a potent indicator of anastomotic leakage. Even though clinical symptoms are not present, postoperative hypoalbuminemia might be a useful decision-making tool to determine whether starvation cure should be continued, strengthening intensive antiseptic therapy, and determining surgical interventions to prevent progression of potentially severe septic conditions.
